The dynamics of floating two-dimensional {2D) monolayers of Xe, Kr, Ar, and 
I. INTRODUCTION
Rare-gas monolayers form some of the most important realizations of two-dimensional (2D) systems. Even when physisorbed on graphite or other substrates such as Ag(111), Pd(100), Cu(100), or Pt(111},they can be regarded as essentially 2D in character. ' So far only dispersion curves for vibrational modes perpendicular to the substrate have been obtained experimentally in these systems. ' These modes are nearly dispersionless and are fairly decoupled from the in-plane modes. The in-plane modes, though they are more difficult to probe experimentally, play an important role in the thermodynamics of the 2D sohd. This paper presents an extensive study of the in-plane modes within the self-consistent phonon theory. The advantage of this technique is that it allows a direct estimate of anharmonicity and quantum effects.
We do not in this work take into account the modulations in the rare-gas -substrate interaction, hence the designation floating monolayers.
It is well known that these modulations alter significantly the properties of the Kr monolayer physisorbed on graphite. ' But many other physisorbed systems are expected to be similar to their floating counterparts in particular at high temperature or when the equilibrium lattice parameters are very different from the nearest commensurate structure favored by the substrate. This is the case for Ar and Ne on graphite. Also, when compressed, a physisorbed monolayer such as Xe on graphite tends to preserve many of its floating characteristics. Although of the rare-gas crystals and simple metals. ' The SCP theory can be applied in a straightforward manner to 2D systems. ' As is now well known, ' the mean-square vibrational amplitude (ut } of an atom in a 2D crystal diverges logarithmically with the size of the crystal. However, the relative vibrational amplitude of two atoms, ((uo -ut) }, does not diverge and it is~1=F0 -u~which enters the SCP theory. ' Here, we restrict ourselves to the self-consistent harmonic (SCH) approximation in which the phonons have infinite lifetime.
In the SCH theory, the frequency of a phonon having wave vectors q and branch A, is given by the usual harmonic relation, 
where p=(ktIT} ' and N is the number of atoms in the crystal.
In the quasiharmonic (QH) approximation, the vibrational amplitude in (4) is assumed to be zero (A tI --0}.
The second derivative in (2) 
The parameters for the Ne-Ne, Ar-Ar, and Kr-Kr potentials were determined by Aziz et al. ll 5 (see Table I ). With the theory developed above we have constructed the dispersion curves in the irreducible -" th sector of the Brillouin zone. We found that it was sufficient to sum out to five neighbor shells to evaluate (1) fully and to use 5000 q points in the full Brillouin zone to evaluate (4) . The integral (3) was done using standard Gauss-Hermite methods. (The values quoted are for 20 roots).
IV. RESULTS

A. Dispersioa curves
In Fig. 1 Fig.   1 and Fig. 4 
In a Debye approximation this is 
The relations (6) and (7) show. ' The Lindemann ratios y =(u )/8 for the 2D-rare-gas crystals (ROC's) at zero temperature are listed in Table II . It is interesting to observe that for Ne the rms vibrational amplitude is close to 10% of the interatomic spacing. The ratios decrease as the mass increases.
The large ratio in neon is further attestation of the importance of anharmonic effects. Xe is again observed to be essentially a classical system. %'e observe that the ratios are almost similar to the same for 3D rare-gas crystals.
A different Lindemann's ratio, the rms relative displacement between nearest neighbors divided by the nearest-neighbor distance can be defined at finite temperature.
This turned out to work quite well as a melting criterion. Our results for Ne at different temperatures are shown in Table III . As expected, this is quite large (about 10%) at zero temperature and increases as the temperature is increased.
D. Effects of temperature
We also study the temperature dependence of the phonon frequencies.
We Fig. 10 It is noteworthy that the 3D
Gruneisen parameters have been quoted at zero pressure, whereas the parameters above have been calculated for lattice parameters requiring an external pressurizing fiuid. 
